Four Hereford X Angus heifers (379 • 11 kg) with indwelling hepatic portal vein, iliac artery and mesenteric vein catheters were used in a switchback design to measure net portal absorption of leucine at two levels of energy intake, 130 and 260 kcal metabolizable energy.(kg .~s .d)-l. Nine hourly measurements were made through two consecutive 4-h feeding periods on each heifer at each intake level. In separate experiments, N balance was determined and 6-h continuous infusions of L-[1-14CI -leucine were used to measure total plasma flux and oxidation of leucine with two of these heifers, one at each level of intake, and one additional Hereford heifer at both levels of intake. Net portal absorption of leucine increased with increasing intake from 5.4. to 12.4 mmol/h, and was associated with average leucine flux and oxidation rates of 30.7 and 4-.7 mmol/h at low intake and 49.9 and 8.8 mmol/h at high intake. Protein synthesis (flux -oxidation) and protein accretion (N balance • 6.25) averaged 1,367 and 39 g/d at low intake and 2,156 and 219 g/d at high intake, respectively. Percent contributions of absorption and oxidation to total leucine flux were 17.6 and 15.3 at low intake and were 24.9 and 17.6 at high intake, respectively.
I ntroduction
Effective exploitation of productive processes in food-producing animals requires an understanding of the regulation of metabolism and nutrient partitioning. One important productive function involves the partition and turnover of nutrients in support of protein deposition, protein deposition being the net result of two continuous processes, protein synthesis and protein degradation. Some investigations of a Mention of companies or products is for the benefit of readers and does not constitute an endorsement or preferential treatment by the authors or the USDA. Received May 12, 1986 . Accepted September 19, 1986 protein metabolism in cattle have focused on regulation of protein turnover through the measurement of whole body protein synthesis rate (Lobley et al., 1980 (Lobley et al., , 1985 Reeds et al., 1981; Eisemann et al., 1986) , but relatively little data are available compared with that for other species (Waterlow et al., 1978; Reeds and Lobley, 1980) . Whole body protein synthesis rate can be calculated from the plasma flux (irreversible loss) of a single essential amino acid and the rate of oxidation (catabolism) of that same amino acid (Waterlow et al., 1978) . Flux is determined by the ratio of infusion rate of isotope and plasma specific radioactivity (SRA) at plateau during continuous infusion (Waterlow et al., 1978) . The contribution of dietary amino acids to total plasma amino acid flux has been estimated to be 25% for sheep, between 20 and 44% for man and other selected species depending on stage of development, and 23% in one Friesian cow maintained by abomasal infusion of casein (Reeds and Lobley, 1980) . No direct measurement of the contribution of absorbed amino acid to total plasma amino acid flux has been made in cattle. The objectives of this study were 1) to examine the portion of total 420 J. Anim. Sci. 1987.64:420-425 plasma flux of leucine accounted for by absorption and 2) to compare measured rates of protein synthesis, protein accretion and leucine oxidation at two levels of intake.
Materials and Methods
Net Portal Absorption (NPA). Four Hereford • Angus heifers (379 + 11 kg) with indwelling hepatic portal vein, iliac artery and mesenteric vein catheters were used in a switchback design to measure NPA of leucine at two levels of energy intake, 130 (LI) and 260 (HI) kcal metabolizable energy-(kg-TS-d)-l. Calculated daily dry matter and crude protein intake for each level of energy intake was 4.2 kg and 629 g, 8.3 kg and 1,258 g, respectively. Procedures for surgical preparation and a description of the catheters were reported (Huntington, 1982) . Composition of the pelleted diet is given in table 1. The diet was calculated to contain 2.68 Mcal metabolizable energy/kg dry matter, and by analysis contained 37.1% acid detergent fiber, 15.1% crude protein, 4.8% ash, 4.4% moisture and 1.8% ether extract. Heifers were fed every 4 h. Nine hourly NPA measurements were made through two consecutive 4-h feeding periods on each heifer at each level of intake. At least 2 wk were allowed between determinations for adaptation to dietary intake level. Net portal absorption of leucine was determined by the product of whole blood flow and portal venous-arterial plasma concentration difference. Blood flow was determined by dilution of paminohippuric acid following primed continuous infusion into the mesenteric vein (Huntington, 1982) . Leucine concentration in plasma was determined by reverse phase ~ high-I~erform-ance liquid chromatography (HPLC) ~ of an o-phthalaldehyde 9 derivative using fluorescence detection 1~ (Bhown et al., 1983) . Plasma samples for leucine analysis were stored as sulfosalicylic acid (.05 g/m1) supernates at -20 C. Prior to derivatization, S-carboxymethylcysteine was added to the plasma supernates as an interAltex 5 pm Ultrasphere, Beckman, Berkeley, CA 94710.
a Model 8100, Spectra-Physics, Inc., Piscataway, NJ 08854.
9Fluoropa, Pierce Chemical Co., Rockford, 1L 61105.
~eModel 970, Schoeffel Instrument Corp., Westwood, NJ 07675. nal standard. Derivatives were prepared immediately prior to injection by combining .1 ml standard or sample, .3 ml water, .4 ml derivatizing solution and .8 ml methanol. The derivatizing solution was prepared fresh daily and contained 75 mg o-phthalaldehyde, 50 /al ethanethiol, 4.5 ml methanol and .5 ml of .4 M H3 BO3 buffer, pH 10.0. Elution and separation was effected with a linear gradient of acetate buffer and methanol, 85 to 20% buffer and 15 to 80% methanol over 25 rain at a flow rate of 1.5 ml/min following 1 rain at the initial conditions of 85% buffer. The buffer consisted of .02 M sodium acetate, pH 5.9 and 2.5% (v/v) tetrahydrofuran. Column and mobile phase temperature was maintained at 39 C. Statistically evaluation of data was by analysis of variance using the General Linear Models procedure of SAS (1982) . Main effects in the statistical model "were level of intake and animal.
Leucine Kinetics and N Balance. Two heifers from the NPA experiments, one at each level of intake, and one additional Hereford heifer (330 kg) at both levels of intake (same switchback arrangement of intake level as above) were used to measure total plasma flux and oxidation of leucine and N balance. Diet and feeding protocol were the same as described previously, except that the diet for the additional heifer contained 10.3% more soybean meal and less cracked corn (17.6% crude protein and 2.64 Mcal metabolizable energy/kg of a dry matter basis). Both diets exceeded crude protein requirements for these heifers (NRC, 1984) . Flux and oxidation measurements were used to determine whole body protein synthesis rate (Waterlow et al., 1978; Eisemann et al., 1986) ; N balance was used to determine protein accre- tion rate (N balance x 6.25). Leucine flux was determined by a 6-h continuous infusion of 500 /aCi L-[1JaC]-leucine, and was calculated to be the quotient of infusion rate of isotope and plasma leucine SRA at plateau. For heifers 662 and 669, plateau was determined by inspection (Waterlow et al., 1978) . Data used for the calculation of flux were the average of three plasma SRA values at plateau (coefficient of variation = 7.7%). For heifer 749, plateau was predicted by nonlinear techniques (Eisemann et al., 1986) . Leucine concentrations in plasma were determined by HPLC as described for NPA experiments. Radioactivity of leucine in plasma was determined by liquid scintillation 11 following removal of 1aCO2 by acidification and ~4C-~-ketoisocaproate by cation exchange chromatography (Harris et al., 1961; Eisemann et al., 1986) . Cation exchange column eluates were evaporated to dryness at 85 to 90 C under N2, resotubilized with 1 ml 2 N NH4OH , and radioactivity was determined in 10 ml of a commercial cocktail 12. Counting efficiencies were determined by external standard channels ratio. Nitrogen balance and expiration of 14CO2 were determined in open-circuit respiration chambers (Flatt et al., 1958; Flatt and Tabler, 1961; Moe and Flatt, 1967 14Leucine oxidation = (CO 2 production X CO: SRA)/plasma leucine SRA at plateau.
for dry matter by drying to constant weight at 100 C and for N content by macro Kjeldahl (AOAC, 1980) . Isotope infusions were conducted in the chambers, which aIlowed quantiration of expired 14CO2 using a continuous flow through ion chamber-CO2 analyzer combination (Eisemann et al., 1986 ). The ion chamber had a volume of 14.8 liters and a flow rate of 8 liters/min, and was calibrated with a gas of known 14CO2 composition at the same flow rate and polarizing voltage as used during respiration measurements. Leucine oxidation was calculated to be the product of CO2 production and SRA of CO2 divided by SRA of plasma leucine 14. Whole body protein synthesis rate was calculated to be the difference between plasma leucine flux and leucine oxidation, assuming heifer body protein to contain 6% leucine (Lobley et al., 1980) .
Results end Discussion
Effects of intake level on blood flow, plasma concentrations of leucine and net portal absorption of leucine are given in table 2. Blood flow increased with increased intake (P=.02), which is consistent with previous observations (Huntington, 1984; Wieghart et al., 1986) . Both arterial (P=.09) and portal (P=.04) plasma concentrations of leucine increased with intake. Portal-arterial concentration difference was positive at both levels of intake, indicating positive absorption of leucine from the gastrointestinal tract; however, portal-arterial concentration difference was not different between LI and HI (P>.10). Leucine absorption was 2.3 times higher at HI than at LI (P=.09), primarily due to increased blood flow. Prior et al. (1981) Huntington and Prior (1985) reported arterial concentrations, portal-arterial difference and net amino acid absorption from portal-drained viscera in six Hereford x Angus heifers weighing 295 + 4 kg. Two of these heifers (662 and 669) were later used in the present experiment. The previous experiment was a replicated 3 • 3 Latin square with three levels of intake of an 85% concentrate diet, 84, 157 or 225 kcal metabolizable energy 9 (kg .Ts ,d) -1. Crude protein intakes were 213, 401 and 583 g/d, respectively. Heifers again were lighter than those used in the present study, but trends due to energy intake were similar. Whole blood arterial concentrations of leucine increased linearly with intake and were 134.7, 149.2 and 161.2 gM, ranging somewhat higher than the plasma arterial leucine concentrations in the present data (table 2) . Portalarterial concentration difference also increased linearly with intake (6.6, 9.8, and 13.6 gtM). The present data show the same trend due to intake, but differences were not significant (table 2) . Rank order of net absorption and daily metabolizable energy intake for the two experiments combined were the same, 2. Leucine flux, leucine oxidation rates, whole body protein synthesis rates and protein accretion rates are presented in table 3. Lobley et al. (1980) reported similar measurements on two yearling Hereford • Friesian heifers weighing 236 and 263 kg and gaining an average of .6 kg/d on a mixed concentrate diet. Leucine flux for the Hereford • Friesian heifers was 32.2 mmol/h compared with an average of 30.7 mmol/h for the heifers on the present study at LI, and weighing approximately 130 kg more. Average leucine flux at HI in the present study was 49.9 mmol/h. Whole body protein synthesis rate derived from leucine flux, oxidation rate and estimated leucine concentration in whole body protein averaged 1,367 g/d at LI and 2,156 g/d at HI (table 4) . These values correspond to an average of 1,649 g/d reported in the study by Lobley et al. (1980) . Table 4 represents a composite of data from both portions of the present experiment, and is presented for discussion. The contribution of absorbed leucine to leucine flux was examined by expressing NPA of leucine as a percentage of flux. Reeds and Lobley (1980) estimated the contribution of protein intake to total amino acid flux to be generally between 25 and 40%, depending on stage of development or intake of the animal. Measured values obtained in the present study fall at the lower range of this estimate for HI and below this range for LI. Several things may account for these differences. Firstly, protein or amino acid intake is not entirely digested and absorbed. Correcting protein intake for apparent digestibility would lower the percent contribution to flux in the direction of our measured values of NPA as a percentage of flux. Secondly, NPA as measured in this study includes endogenous amino acids from digestive enzymes and sloughed gastrointestinal tract cells, and excludes amino acids used by ceils after disappearance from the intestinal lumen but before being deposited into blood. In experiments with sheep, Tagari and Bergman (1978) demonstrated that 30 to 80% of amino acids disappearing from the intestine appear in portal blood. A larger-than-measured absorp- At both levels of intake, leucine absorption was slightly higher than leucine oxidation (table  4) . The difference between absorption and oxidation is, conceivably, leucine deposited in body tissue protein. Interestingly, the protein equivalent (assuming about 6% leucine in whole body heifer protein; Lobley et al., 1980 ) of absorbed leucine not oxidized is similar to the protein accretion rate derived by N balance (N balance x 6.25 ; table 4).
At the higher intake level in the present study, with heifers depositing an average of 219 g protein/d, the ratio of protein accretion to protein synthesis was .10 (table 4). A recent study by Lobley et al. (1985) also demonstrated an average protein accretion:synthesis ratio of .10 for steers implanted with trenbolone acetate and estradiol-17/3, which were depositing an average of 257 g protein/d. Control steers in that same study, depositing 137 g protein/d, had a protein accretion:synthesis ratio of .05. Heifers depositing 39 g protein/d at the lower level of intake in the present study had a protein accretion:synthesis ratio of .03. As intake decreases and N balance approaches zero, protein accretion: synthesis ratio decreases because protein synthesis continues.
Using leucine as a model amino acid, results of this study demonstrate the significant contribution of absorbed amino acid to total plasma amino acid flux, and its variability due to intake level. The present results also emphasize the importance of correcting total plasma amino acid flux for oxidation (catabolism) when estimating whole body protein synthesis rate. These observations are consistent with the discussion by Reeds and Lobley (1980) , where they emphasize the importance of intake of protein (amino acids) in the interpretation of flux data and suggest that correction for excess entry of dietary amino acid can be accounted for by measurement of amino acid catabolism when estimating whole body protein synthesis rates.
Literature Cited

